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Abstract 
 
We have obtained Gemini / GNIRS 3.3 - 3.4 m spectra of Jupiter at 65o North latitude over a range of longitudes 
roughly centered on the 8-m CH4 north polar hot spot (8CNPHS). The spectra were measured on four occasions during 
a four-month period in 2018, in order to search for variability of the 3-m emissions of CH4 and C2H6. The observed 
locations of the brightest spots of the C2H6 and CH4 emissions at 65
o
N differed in longitude typically by 20
 o
 during this 
period. The peak emission intensities of these species showed large variations, with the highest intensities 3-4 times 
greater than the lowest intensities. In addition, the brightest 3-m CH4 emissions and hottest temperatures at the 
8CNPHS were significantly less than those at the 3-m CH4 north polar hot spot (3CNPHS, Kim et al. 2015). Recently, 
Sinclair et al. (2019) reported a coincidence between solar wind dynamical pressure and the 8-m brightening of the 
8CNPHS. In contrast, we find lack of correlation in our data between the 3-m hydrocarbon emission intensities at the 
8CNPHS and the solar wind strength. We also find lack of correlation between H3
+
 intensities and the solar wind 
strength during the period. However, due to the limited observational data, it is too early to conclude whether this lack 
of correlation indicates that the solar wind activity induced no significant changes in local temperatures (<40K) and/or 
mixing ratios of these molecules. Our observing period was close to the historic grand solar minimum. The detailed 
influence of the solar activity on the 3 and 8 m brightness at the 8CNPHS is not quantitatively understood at the 
present time.   
  
1) Introduction 
 
Jupiter’s polar regions exhibit bright aurorae in the UV and IR ranges due to particle precipitation from the jovian 
magnetosphere. Infrared (IR) images at 8-μm show stratospheric (p = 0.1 - 10 mbar) thermal line emission from CH4 
and regions of higher temperatures, or “hotspots,” close to the magnetic North and South poles (Caldwell et al., 1980; 
Kim et al., 1985; Drossart et al., 1993). The 8-μm north-polar hot spot (8CNPHS) has been stationary at 180° (SysIII) 
longitude, +65° N latitude since the detection in early 1980s (Caldwell et al., 1980; Sinclair et al., 2019). The 
underlying cause(s) of the hotspots and their motion and/or lack thereof are not understood. 
 
Investigations of another major fundamental band of CH4 and its combination bands at 3.3-m should be helpful in 
understanding the nature of the 8-μm hotspots, not only because the peak 3.3-m and 8-μm emissions occur at bar and 
mbar pressure levels, respectively (Kim et al. 2017), but also because the excitation mechanisms of different bands 
require different energetic processes and can reveal additional aspects of auroral activity. The morphology of the 3.3-m 
CH4 emission in the auroral region of Jupiter has been studied previously using ground-based spectro-imaging 
observations with the Gemini North / Gemini Near-Infrared Spectrograph (GNIRS) on 2013 January 13 and February 4 
(Kim et al., 2015), and also by the space probes Galileo/Near-Infrared Mapping Spectrometer (NIMS) in 1997 
September (Altieri et al., 2016) and Juno/ Jupiter InfraRed Auroral Mapper (JIRAM) in 2016 August (Moriconi et al., 
2017). Kim et al. (2015) found that the brightest 3.3-m CH4 emission was located at SysIII longitude 197°, and thus 
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not coincident with the 8CNPHS. Moriconi et al. (2017) found that the 3.3-m northern auroral CH4 emission observed 
at a different time than Kim et al. (2015) was located at roughly the same longitude, ~205
o
 (SysIII). However, whether 
or not there were significant morphological differences at these times is unclear, because the ground-based GNIRS 
observations of the CH4 emission from the high-latitude auroral regions are spatially limited, and the low resolution 
CH4 spectra obtained by JIRAM do not separate lines of CH4 from adjacent strong H3
+
 lines. Kim et al. (2015) also 
found that the temperature of the 3.3-m CH4 north polar bright spot (hereafter 3CNPHS) is ~500K, showing that high 
temperatures are present at high altitudes. In addition, Kim et al. (2017) examined the 3.3-m and 8-m CH4 spectra 
from the 8CNPHS observed at Gemini North / GNIRS and IRTF / TEXES on 2013 Jan. 13, and 2013 Feb. 6, 
respectively, and found that at the bar pressure levels of the 8CNPHS, temperatures (<350K) are lower than those at 
the 3CNPHS and also are lower than for the cold 8CNPHS model proposed by Drossart et al. (1993).  
 
Jupiter’s aurora is known to be less influenced by solar activities than are the aurorae of Earth and Saturn (e.g., Hill, 
2001 and 2004; Cowley and Bunce, 2001). However, there have been reports of correlations between solar activity and 
Jupiter’s UV, near-IR H3
+
 line emission and mid-IR hydrocarbon aurorae. A brightening of jovian UV polar emission 
was detected during increases of the solar wind dynamic pressure (Waite et al., 2001; Pryor et al., 2005; Nichols et al., 
2007; Nichols et al., 2017). Kita et al. (2016) has reported a correlation between the duration of the quiescent interval of 
the solar wind and the auroral power, although a direct correlation of the UV auroral emission and solar wind was not 
readily apparent. At near-IR wavelengths, Baron et al. (1996) reported that the daily variation of the H3
+
 auroral 
intensity is small (<20%), but is well correlated with the variation of solar wind pressure, although a longer term 
correlation during a four-month period was not clear. In the mid-IR range, Kostiuk et al. (2011) found a possible 
correlation between the northern 12-m C2H6 emission and an index of solar activity equivalent to sunspot number 
based on ground-based observations since 1982 and Voyager 1 and 2 observations in 1979.   
 
Recently, Sinclair et al. (2019) report a brightening of the 8-m CH4 emission at the 8CNPHS in Jan. 2017 during a 
period of solar wind compression. They suggest that this was due to a temperature increase at bar pressure levels 
caused by the increase of solar wind dynamic pressure. The majority of the 8-m emission originates from the mbar 
pressure level, where temperature changes due to solar wind effects are not expected. They also suggest that either a 
change in the abundance of CH4 or variable non-LTE emission could explain the observed brighhtening. 
 
This paper describes a search for monthly variations of the 3.3-m CH4 and C2H6 emissions at the 8CNPHS, which was 
observed four times during early - mid 2018 by GNIRS/Gemini North. Bright transient events in these emissions could 
be the signature of concentrations of high energy electron precipitation there, which could be correlated with solar wind 
activities and thus be the cause of the 8CNPHS. While the near-IR H3
+
 and the 8-m CH4 emissions mainly originate 
from nano-bar and mbar pressure levels, respectively, the 3.3-m CH4 and C2H6 emissions at the 8CNPHS mostly 
originate from the intermediate bar pressure levels, where the influence of the solar wind might be manifested as 
suggested by Sinclair et al. (2019).  
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2) Observations and Data Reduction 
 
Gemini North / GNIRS observations of the north polar region near 65
o
N latitude were carried out on 2018 March 15, 
May 14, June 29, and July 26, (UT) for program GN-2018A-Q-221, at times when the 8CNPHS was near the central 
meridian longitude. The observing log is provided in Table 1. The observational configuration was the same as that of 
our previous GNIRS observations in 2013 (Kim et al., 2015), except that the 0.1 arcsec (2-pixel) wide, 49 arcsec long 
slit was oriented parallel to 65
o
N latitude at the central meridian longitude (CML) rather than along the CML. The 
covered wavelength range was 3.315 - 3.415 m at a spectral resolving power of ~18,000. The wavelength range 
includes lines of CH4, C2H6, and H3
+
, which are in emission at the 8CNPHS and adjacent longitudes. Individual 
exposures were 140 seconds with 12 exposures per night, except 10 exposures on July 26. The telescope was nodded +/- 
15 arcsec east-west between exposures, which maintained the same strip of Jupiter including the hot spot in the slit 
while allowing sky emission lines to be removed by subtracting pairs of spectro-images. Standard stars, HIP77811 
(V=5.04, B3V) and HIP69974 (V=4.52, A1V), were observed immediately before or after Jupiter to provide intensity 
and wavelength calibrations of the March/May, and June/July observations, respectively. They were selected so that 
their airmasses closely matched those of Jupiter during the observations. Weather conditions were marginal for these 
observations, with intermittent thin clouds, variable seeing, and high and time-variable water vapor columns above 
Mauna Kea. 
 
The absolute intensities presented in Figure 1abcd were obtained from the observed fluxes of the standard stars as well 
as by cross-checking the previous absolute calibrations of the 3.3-m continuum levels of the non-auroral regions 
observed by UKIRT/CGS4 (Kim et al. 2010), ISO (Kim et al. 2014), and Gemini North/GNIRS (Kim et al. 2015). A 
discussion of the uncertainties in the intensities is given below. The seeing at 3.4 m was typically 0.5 – 0.75 arcsec; 
thus, the range of latitudes sampled was considerably wider than implied by the slit width, but was much less than the 
latitudinal width of the hotspot, which is typically ~5 arcsec.  
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Table 1. Observing Log 
 
Jupiter Observation   
Date and Time 
Exposure Times 
(seconds) 
Water 
vapor 
Seeing      
arcsec, 
3.3m 
Standard Star   Mean Airmasses 
(Jupiter, Standard Star) 
 
March 15, 2018 
13:15 -13:42 (UT) 
      12 x 140 s >6mm  ~0.50 HIP77811  1.28, 1.33 
May 14,  2018 
09:57 - 10:24 (UT) 
12 x 140 s 1 mm ~0.75 HIP77811  1.24, 1.30 
June 29,  2018 
07:50 - 08:18 (UT) 
12 x 140 s 4 mm ~0.65 HIP69974  1.32, 1.28 
July 26,  2018 
06:07 - 06:27 (UT) 
10 x 140 s 5 mm ~0.75 HIP69974  1.32, 1.29 
 
The slit was positioned at the central latitude of the 8CNPHS (65
o
 N) on Jupiter by performing a blind offset of the 
telescope from either a nearby star or one of the Galilean satellites. The positioning accuracy was checked by measuring 
the angular extent of the chord of emission from Jupiter in the spectral images. In all cases we conclude that the north-
south positioning accuracy was better than one arcsecond. As the dimensions of the 8CNPHS and 3CNPHS are at least 
several arcseconds, we are confident that pointing errors are unimportant.  
 
Figure 1abcd shows the reduced 3.33 - 3.36-m spectra of Jupiter (the portion of the observed wavelength interval 
where the most useful jovian emission lines occur) at the location of the 8CNPHS, the observed atmospheric 
transmission derived from the spectra of the standard star, and model jovian spectra (discussed in the following section) 
on each of the four observing dates. Each of these reduced spectra is the sum of the spectra of all ~100 rows of the 
GNIRS detector array within +/-2.5 arcseconds of the nominal center of the 8CNPHS at 180° (SysIII) longitude as 
shown in Fig. 2. The gaps in the reduced spectra are at wavelength sub-intervals where the atmospheric transmission 
was too low to produce reliable data.  Except for May 14 the high telluric water vapor column made it difficult to 
observe the CH4 lines of the 3, 3+4-4, and 2+3-2 bands between 3.315 and 3.330 m studied previously by Kim 
et al. (2015; see their Fig. 2). For example, note in Fig. 1abcd that the absorption depths of the telluric CH4 P(2) line at 
3.3344 m in the standard star spectra are approximately the same on the four dates, while the absorption depths of the 
H2O lines are significantly weaker in the May spectrum than in the other three spectra.  
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Because of the high water vapor columns, in this work we concentrate on the roughly 500 weak CH4 lines in the wings 
of the Q-branches of the previously mentioned combination bands in the 3.330 - 3.336 m interval, where the telluric 
absorptions are weaker, along with individual C2H6 7 and H3
+
 lines between 3.330 and 3.400 m that are neither 
significantly blended with other molecular lines nor masked by telluric absorptions and have signal-to-noise ratios 
greater than 2. Individual lines of the CH4 Q-branch combination bands are unresolved from one another, but their 
combined signal is readily apparent in Figs. 2 and 3. 
The uncertainties in the intensity levels of individual data points in Fig. 1abcd vary with wavelength due to the 
wavelength dependence of the telluric transmission spectrum. Moreover, on all four nights the varying water vapor 
column and seeing conditions during the observing nights (Table 1) results in additional uncertainty. We conservatively 
estimate the 1-σ noise to be 0.00005 W m-2 μm-1 sr-1 at wavelengths where the atmospheric transmission is at least 80%. 
This is significantly greater than the noise level of ~0.00001 W m
-2
 μm-1 sr-1 estimated by the GNIRS Integration Time 
Calculator for stable weather conditions. The uncertainties at wavelengths of higfher telluric absorption (atmospheric 
transmission less than 80%) must be higher than the above 1-σ noise level. The 1-σ noise levels are approximately the 
same for each of the four spectra, and are about the same as the intensities of the very weak but identifiable C2H6 7 
lines in March (Fig. 1a). In order to increase the S/N ratios for the emission from CH4 and C2H6, at each longitude the 
Q-branch intensity of the CH4 combination bands was integrated over the 3.330-3.336-μm interval and the intensities of 
the cleanly detected C2H6 7 line intensities were summed to produce the intensity profiles presented in Fig. 2.  
Figure 2 shows east-west intensity profiles of CH4, H3
+
, and C2H6 derived from the sums of the lines mentioned above 
in small (~0.3-arcsec wide) regions along the slit. Because Jupiter rotated appreciably during the observations, 
individual pairs of jovian spectro-images were de-rotated in longitude before summing them. We also corrected for 
emission angle effects when de-rotating the images. In the figure the center of horizontal axis is set to 180
o
 SysIII 
longitude, the center of the 8CNPHS. During the four-month period, the apparent size of Jupiter’s disk also varied. The 
horizontal scale of Fig. 2 is that of May 14, 2018, when Jupiter was near opposition; the profiles obtained in March, 
June, and July were scaled to it so that the longitudes are aligned for the different dates. Regions near the limbs where 
S/N ratios become insignificant have been discarded. For each molecular species, the intensity profile is normalized to a 
peak of 30 for the brightest of the four spectra. The absolute intensities of the strongest H3
+
 lines are much higher than 
those of the other species. Nevertheless, the east-west intensity profiles of the CH4 and C2H6 emissions are of scientific 
value, as can be seen in Fig. 2.  
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3) Results: Time Variations and Intensity Profiles  
 
In addition to the spectra at the 8CNPHS, Figure 1abcd contains model CH4 spectra of the blended 3, 3+4-4 and 
2+3-2 bands at the best fit temperature for each spectrum. The temperatures of the CH4 bands range from 180 K to 
220 K. These are largely local thermal temperatures because the Einstein A coefficients of the pure rotational transitions 
of the CH4 bands are much less than the collisional deexcitation rates at bar pressure levels (Kim, Geballe, and Noll, 
2000). They are significantly lower than the temperatures (~500K) at the 3CNPHS (Kim et al. 2015). The relatively 
cool mesospheric temperatures for the 8CNPHS are consistent with the result of Kim et al. (2017). In our models, we 
used an equatorial mixing ratio curve for CH4 as discussed in Sec. 4b and in Appendix 1, because we do not see 
significant enhancements of either temperature or intensity at the 8CNPHS.  
 
In Fig. 2 (bottom panel), it can be seen that the H3
+
 emission peaks, near longitudes of 200
o
 and 150
o
 approximately 
coincide with those of the established main auroral oval, and also with the positions of those peaks observed in 2013 by 
Kim et al. (2015). The relative H3
+
 intensities during the four-month period varied significantly and are approximately 
consistent with the maximum intensity variation of a factor of 3 observed by Baron et al. (1996), except for the March 
15 data, when the H3
+
 emission at 200
o
 was unusually weak.  
 
Because the CH4 intensities in Fig. 2 are derived from many weak lines, the CH4 intensity profiles follow the behavior 
of the band and not that of any individual line. As shown in Fig. 2, the May and June peaks of the CH4 emissions 
roughly coincide in longitude with those of H3
+
, but the widths of the CH4 peaks are about twice those of H3
+
. We note, 
however, that in 2013 January the peak CH4 line emission occurred between the H3
+
 emission peak and the 180
o
 SysIII 
longitude (Kim et al., 2015), implying that the position of the CH4 peak has varied. In the March and July data, the CH4 
emissions are significantly lower. The brightest regions of the CH4 emissions were roughly stationary between 2018 
May 14 and June 29. In contrast, the positions of the C2H6 emission peaks moved from ~190
 o
 to ~180
 o
 SysIII longitude 
during the period. The locations of the C2H6 and CH4 emission peaks differed in longitude typically by 20
 o
 during this 
period. The possible cause or causes of the variations of the C2H6 and CH4 emission peaks are not clear at the present 
time, as discussed in the next section.  
 
In Fig. 3 the 3.3-m CH4, C2H6, and H3
+ 
emission intensities, obtained from summing 100 spectra within the 8CNPHS 
marked in the top panel of Fig. 2, are plotted against time. The brightest CH4 and C2H6 emissions at the 8CNPHS 
occurred on May 14, 2018, with the intensities 2.8 and 4.4 times, respectively, greater than those on March 15, 2018. In 
contrast the H3
+ 
emission was brightest on June 29. Figure 3 also compares the above intensities with the solar wind 
dynamic pressures (nPa), derived from the solar-wind propagation model of Tao et al. (2005). The model utilizes 
hourly-resolved measurements of the solar-wind and magnetic field at Earth’s bow-shock nose from OMNI (Thatcher et 
al., 2011) as input data, and extrapolates the solar-wind flow to the magnetosphere of Jupiter. The limitations of the 
model are described in detail in Tao et al. (2005). We set an uncertainty of ±2 days, the horizontal bars in Fig. 3, based 
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on the model uncertainty at the orbit of Jupiter. The March 15 and July 26 data points coincide with medium sized solar 
wind bursts of 0.25~0.30 nPa within the model error bar, but the much stronger May 14 and June 29 emissions do not 
coincide with any significant enhancement of the solar wind dynamic pressure. We thus find lack of correlation between 
the 3.3-m emission and solar wind dynamic pressures in our observations. We also find that other solar wind 
parameters, such as densities, radial velocities, temperatures, etc. (which are not shown here) are not correlated with the 
3.3-m emissions at the 8CNPHS. In addition, no correlations between the emission at the 3CNPHS (Kim et al. 2017) 
and the solar wind parameters are apparent when the same comparision methods are employed. 
 
We also searched for correlations between the brightening of the 3-m emissions at the 8CNPHS and the accumulations 
of solar wind particles during the quiescent intervals. For this, we used the same definitions of the following parameters 
that Kita et al. (2016) used: the duration of the quiescent interval, the variation of the solar wind dynamic pressure 
presented in Fig. 3, and the threshold value between the solar wind quiescent and compression period. We find no such 
correlation during early – mid 2018. 
 
We note that 2018 March - July was only ~2 years before the next solar minimun in ~2020, and is possibly close to the 
historic grand solar minimum (e.g., Solanki and Krivova, 2011). Clearly the sun was not very active during our 
observing period. The effect of low solar activity on the 8CNPHS is not known at the present time.  
 
 
4) Possible Causes of the Variations of the 3.3-m CH4 and C2H6 Emissions  
 
Because there is lack of correlation between solar wind activity and the intensity variations of the line emision at the 
8CNHS/3CNPHS, one or more other mechanisms must be responsible for the temporal variations of 3.3-m CH4 and 
C2H6 auroral emissions. In this section we discuss several possible explanations: variations in (a) temperatures, (b) CH4 
mixing ratios, and (c) auroral particle bombardment and Joule heating (Yates et al., 2014). 
 
(4a) Temperatures at the 8CNPHS 
 
The 3.3-m hydrocarbon emission, which normally is due almost entirely to fluorescence and not to thermal emission, 
is relatively insensitive to temperature compared with the 8-m hydrocarbon emission (Kim et al., 2014). Sinclair et al. 
(2018; 2019) show that an increase of ~20 K at bar pressure levels can cause more than a factor of 2 increase in the 8-
m CH4 emission at the 8CNPHS compared with that of quiescent north polar regions, although the majority of the 8-
m CH4 emission originates from mbar pressure levels (Fig. S3 of Sinclair et al., 2019). In contrast, based on the T-P 
and CH4 mixing ratio profiles derived by Kim et al. (2017), an increase in temperature greater than ~70 K at the bar 
levels in the auroral regions is needed to produce an increase in the thermal emission at 3.3 m that is comparable to the 
1-σ uncertainty (0.0001 Wm -2 μm -1 sr -1) of the 2013B spectrum in Fig. 1 of Kim et al. (2017). However, the CH4 
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mixing ratio curve is highly uncertain at bar pressures levels (e.g., Fig. S5 of Sinclair et al., 2019; Fig. 3a of Kim et al., 
2017) and it is important to constrain it more tightly. We have done this, as discussed below.  
 
(4b) Variations in CH4 mixing ratios 
 
In Appendix A, we present an update of the bar CH4 mixing ratios (Kim et al., 2014) of Jupiter by reanalyzing the ISO 
(Infrared Space Observatory) 3-m spectrum (Fig. 1A) using vibrational-relaxation rates measured by Menard-Bourcin 
et al. (2005). The ISO aperture covered a large area including equatorial and temperate regions, and the derived mixing 
ratio curve should represent an average value of these regions. We find that our updated mixing ratio curve matches 
Model C of Moses et al. (2005) within the uncertainties (Fig. 1A), whereas the mixing curve of Kim et al. (2017) is only 
barely consistent with Model C. We note that the mixing ratio curves of equatorial regions derived from the New 
Horizon/occultation observations of Greathouse et al. (2010) are consistent with Model C. The error bars in our updated 
equatorial mixing ratio curves for the 8CNPHS (Fig. 1A) are smaller than those of the mixing ratios derived by Kim et 
al. (2017). Accordingly, we estimate that an increase in temperature greater than ~40 K at the bar levels in the auroral 
regions is needed to produce an increase in the thermal emission at 3.3 m that is comparable to the 1-σ uncertainty in 
Fig. 2. The synthetic spectra of the 3.3-m CH4 band presented in Fig. 1 are made from this updated mixing ratio curve 
and the temperature-pressure profile of a quiescent 8CNPHS in Fig. 3b of Kim et al. (2017).  
 
We note, however, that the Model C mixing ratio curve lies an order of magnitude below the theoretical curve of the 
auroral region at 1 bar of Wong et al. (2003; see their Fig. 1A), which is an update of Wong et al. (2000). An improved 
mixing ratio curve than that of Wong et al. (2003), based on an updated auroral chemistry, will be presented in a future 
study. Previously, the global CH4 mixing ratios at the bar levels, excluding the auroral regions, were thought to be 
uniform within ±20% across the planet (Drossart et al., 2001).  
 
(4c) Auroral particle bombardment and Joule heating  
 
A possible cause of the difference in the positions of the bright spots of CH4 and C2H6 emission, in addition to the 
possibility of regional temperature differences, might be a difference in the vertical mixing ratios of the two 
hydrocarbons. This would expose the two species to precipitating auroral particles with different energies and/or 
vertically different Joule heating. Further investigations on the vertically-resolved spectro-images of the auroral regions 
observed by JIRAM are desirable to resolve this issue.  
 
Kim et al. (2017) proposed a possible mechanism for the stationary nature and brightening of the 8CNPHS, that locally-
fixed and transient but energetic auroral particle precipitations can warm the mbar pressure levels. The heat capacity at 
mbar altitudes is higher than at bar altitudes. High temperatures at mbar altitudes can be maintained at least for several 
months (e.g., Zhang et al., 2013). Although we do not find an apparent correlation between the 3-m emissions on the 
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8CNPHS and the solar activities, the short time interval during which these observations were made means that the 
mechanism proposed by Kim et al. (2017) has not been ruled out.  
 
5) Conclusions 
 
High-resolution 3.315-3.405 m spectroscopy of Jupiter at 65o North latitude between March and July 2018 reveals that 
the highest emission intensities of CH4 and C2H6 at the 8CNPHS and nearby longitudes, were 3 to 4 times greater than 
those of the lowest emissions, and also that the temperature of the 3-m CH4 emission at the 8CNPHS was relatively 
steady and much lower than at the 3CNPHS. The influence of low solar activity on the 8CNPHS is not quantitatively 
understood. During the same four-month period, there was lack of correlation between the 3-m CH4, C2H6, and H3
+
 
emissions at the 8CNPHS and the solar wind characteristics such as dynamic pressure, densities, radial velocities, and 
temperatures. We also find no apparent correlation between the brightening of the 3-m emissions on the 8CNPHS and 
the accumulations of solar wind particles during the quiescent intervals that Kita et al. (2016) claimed for the ultraviolet 
emissions of the auroral regions. We note, however, that the 2018 was only ~2 years before the next solar minimun 
around ~2020, and possibly close to the historic grand solar minimum, which has a ~100 year period. Since the 3-m 
CH4 and C2H6 emissions originate from the bar pressure levels of the 8CNPHS, the lack of correlation indicates that 
the solar wind activities induced no significant changes in bar level temperatures (<40K) and/or mixing ratios of these 
molecules at the bar levels during the period. The lack of correlation is in contrast to the 8-m result of Sinclair et al. 
(2019), who found that there is a coincidence between solar wind activity and 8-m brightening of the 8CNPHS. 
However, the above upper limit on changes in bar temperature does not conflict with Sinclair et al., who estimated that 
a significant 8-m brightening of the 8CNPHS would occur with a 20K increase at bar levels.  
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Figure Captions  
 
Fig. 1abcd. Four GNIRS spectra (thick black traces) of the jovian 8CNPHS and telluric standard stars (dashed lines) 
observed at 3.33-3.36 μm between March and July 2018. Each the four spectra is the sum of the spectra of ~100 rows of 
the GNIRS detector array within +/-2.5 arcseconds of the center of the 8CNPHS at 180° (SysIII) longitude as shown in 
Fig. 2. The gaps in the jovian spectra correspond to regions of low telluric transmission at the wavelengths of CH4 and 
H2O lines. Three strong telluric absorption by CH4 P-branch lines are indicated by thick blue bars. Blue and violet 
traces are CH4 model spectra with rotational temperatures as shown; green traces denote H3
+
 lines. The estimated ±1σ 
uncertainty
 
at wavelengths where the atmospheric transmission is at least 80%, and the wavelength interval containing 
blended CH4 Q combination band lines, are both shown at the left edges of the panels. Wavelengths of C2H6 7 lines are 
denoted by vertical black lines. The vertical scale is expanded in order to reveal weak lines, resulting in truncation of 
some of the strong jovian emission lines; e.g., at 3.345 m. 
 
Fig. 2. East-west relative intensity profiles for the March-July observations of CH4, C2H6, and H3
+
 emission lines. The 
data used to produce the CH4 profile are the intensities of weak and blended Q lines between 3.330 and 3.336 m 
excluding the vicinities of the CH4 P(2) and C2H6 7 lines. The horizontal axis is in arcsec for the May 14 data only; and 
the other profiles are adjusted to the same longitudinal scale as that of the May 14 data. The extent of the 8-m CH4 
north polar hot spot (8CNPHS) is denoted by the horizontal line in the top panel. The intensity profiles in each panel are 
relative to the profile containing the highest peak, and are scaled so that the peak intensity is 30 units.  
 
Fig. 3. Comparisons of the 3.3-m CH4, C2H6, and H3
+ 
emission intensities within the 8CNPHS and the solar wind 
dynamical pressures (nPa), from the solar-wind propagation model of Tao et al. (2005). The highest CH4, C2H6, and H3
+ 
intensities are set to be 0.6 of the vertical scale of each panel. Error bars of ±2 days based on the model uncertainty at 
the orbit of Jupiter are shown along with the intensity error bars.  
 
Fig. A1. Mixing ratio ranges of CH4 for two curves (red), which correspond to the ±1error bars of the relaxation rate 
of Menard-Bourcin et al. (2005). Also presented are two theoretical mixing ratio curves of CH4 for the auroral regions 
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(Wong et al., 2000; 2003), and theoretical Model C (Moses et al., 2005) and Model D (Kim et al., 2014) for non-auroral 
regions.  
 
(Appendix A) CH4 Mixing Ratios Near bar-Pressure Levels  
 
Kim et al. (2014) derived the bar CH4 mixing ratio in the equatorial and temperate zones of Jupiter from an analysis of 
the 3.3-m CH4 emission spectrum observed by the Infrared Space Observatory (ISO). The large uncertainies in the 
derived ratio (see Fig. 4 of Kim et al., 2014) resulted from the large uncertainties in the vibrational relaxation rates for 
the 3-m CH4 transitions due to the lack of reliable laboratory measurements at low temperatures, especially at Jupiter’s 
temperatures. Here we recalculate the bar CH4 mixing ratio, adopting the vibrational relaxation rate of 2.8 ± 0.8 x 10
-12
 
cm
3
 sec
-1
 molecule
-1 
by collisions with H2 at 193 K measured by Menard-Bourcin et al. (2005). In Fig. A1, we present 
the derived mixing ratio, displaying two curves which correspond to the ±1error bars of the relaxation rate.   
 
The measured rate of Menard-Bourcin et al. (2005) at 193 K is somewhat unusual, because it is greater than the room 
temperature (296K) value of 2.45 ± 0.92 x 10
-12
 cm
3
 sec
-1
 molecule
-1
 measured by the same authors. This lower rate at a 
higher temperature conflicts with the value predicted by elementary kinetic theory, in which the rate is proportional to 
the square root of temperature. However, the uncertainties in both measured rates presented by those authors are too 
large to definitely determine the direction of the temperature dependency. Previously, Hess and Moore (1976) measured 
a rate of 2.6 x 10
-12
 cm
3
 sec
-1
 molecule
-1
 at 295 K, which is also consistent with the rates measured by Menard-Bourcin 
et al. (2005). Our previous work (Kim et al., 2017), using the room temperature value of Hess and Moore (1976) and 
extrapolating to Jupiter’s temperatures by adopting the elementary kinetic theory, should be valid considering the 
relatively large uncertainties in the measured rate of Menard-Bourcin et al. (2005).  
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Highlights 
Gemini /GNIRS 3.3 - 3.4 m spectra of the 8-m CH4 north polar hot spot (8CNPHS) of Jupiter were obtained.  
Four occasions during a five-month period in 2018 were observed.  
The variability of the 3-m emission intensities of CH4, C2H6, and H3
+ 
was studied.  
The peak intensities of these species showed the highest 3-4 times greater than the lowest.  
We find lack of correlation between the 3-m hydrocarbon intensities at the 8CNPHS and the solar wind strength.  
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